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Rab11-FIP3 is an endosomal recycling compartment
(ERC) protein that is implicated in the process of mem-
brane delivery from the ERC to sites of membrane
insertion during cell division. Here we report that
Rab11-FIP3 is critical for the structural integrity of the
ERC during interphase. We demonstrate that knockdown
of Rab11-FIP3 and expression of a mutant of Rab11-FIP3
that is Rab11-binding deficient cause loss of all ERC-
marker protein staining from the pericentrosomal region
of A431 cells. Furthermore, we find that fluorophore-
labelled transferrin cannot access the pericentrosomal
region of cells in which Rab11-FIP3 function has been
perturbed. We find that this Rab11-FIP3 function appears
to be specific because expression of the equivalent
Rab11-binding deficient mutant of Rab-coupling protein
does not perturb ERC morphology. In addition, we find
that other organelles such as sorting and late endosomes
are unaffected by loss of Rab11-FIP3 function. Finally, we
demonstrate the presence of an extensive coiled-coil
region between residues 463 and 692 of Rab11-FIP3,
which exists as a dimer in solution and is critical to
support its function on the ERC. Together, these data
indicate that Rab11-FIP3 is necessary for the structural
integrity of the pericentrosomal ERC.
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Compartmentalization in eukaryotic cells necessitates
highly dynamic transport of proteins and lipids between
distinct membrane-bound organelles. Organelles of the
endocytic and secretory pathways exist as long-lived
structures; therefore, dynamic exchange of material
between these compartments requires the formation of
transport intermediates in the form of vesicles or tubules.
The endosomal recycling compartment (ERC) is one such
organelle that functions in the recycling of endocytosed
material back to the cell surface (1).
The ERC is a mildly acidic (pH 6.4–6.5) compartment with
tubulovesicular morphology that, in many cell types, is
condensed around the microtubule organizing centre/
centrosome [for a recent review see Maxfield and McGraw
(1)]. The ERC undergoes intense trafficking activity con-
necting the endocytic and exocytic pathways; however, the
majority of molecules in the ERC are returned to the plasma
membrane (PM) (1). The Rab11 GTPase subfamily mem-
bers (Rab11a, Rab11b and Rab25) are enriched on the ERC
and are known to control traffic through this subpopulation
of endosomes (2–4). Rab11 functionality is achieved by
interaction with a complement of effector molecules that
bind preferentially to GTP-bound Rab11. Recently, a Rab11
family of interacting proteins, the Rab11-FIPs, was identi-
fied and found to be enriched on the Rab11-positive ERC (5–
8). Class I Rab11-FIPs [Rab-coupling protein (RCP), Rip11
and Rab11-FIP2] have been implicated in receptor recycling
processes (7,9–11). Conversely, there is no evidence that
the class II Rab11-FIPs (Rab11-FIP3 and Rab11-FIP4) play
direct roles in receptor recycling to the cell surface. In
addition to their ability to bind Rab11 subfamily members,
class II Rab11-FIPs (also called arfophilins) are capable of
interacting with members of the ADP ribosylation factor
(ARF) GTPase family (12,13). Class II Rab11-FIPs localize to
the pericentrosomal ERC during interphase and have been
implicated in the processes of delivery, targeting and/or
fusion of the ERC with the cleavage furrow/midbody during
cell division (5,8,14,15). However, to date, the interphase
function of the class II Rab11-FIPs has remained elusive.
Work in developmental models has identified Nuclear
fallout (Nuf), the Drosophila melanogaster homologue of
the class II Rab11-FIPs, as an important component of the
ERC. Nuf and Rab11 were found to be mutually required
for their intracellular localizations to the ERC (16). Add-
itionally, it was found that following asymmetric cell
division in sensory organ precursor (SOP) cells in which
only one daughter cell receives Nuf, the cell devoid of Nuf
fails to produce a pericentrosomal ERC (17).
In the present study, we demonstrate that Rab11-FIP3 is
critical for the structural integrity of the ERC during inter-
phase in A431 cells. We find that suppression of Rab11-
FIP3 expression results in loss of the pericentrosomal
ERC, and that this Rab11-FIP3 function occurs in an Rab11-
dependent fashion. Finally, we show that Rab11-FIP3
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contains an extensive coiled-coil region which dimerizes in
solution, and is critical for its ERC-related function.
Results
Rab11-FIP3 expression is essential for ERC structural
integrity
Evidence from D. melanogaster identifies Nuf as an
integral component of recycling endosomes that is re-
quired for correct intracellular localization of Rab11 (16,17).
We have previously demonstrated that exogenous ex-
pression of Rab11-FIP3 and Rab11-FIP4 profoundly alters
the morphology of the ERC, condensing it into the peri-
centrosomal region of the cell (5,8). A similar phenotype is
observed when Nuf is overexpressed in mammalian cells
(12). These data suggest that class II Rab11-FIPs/Nuf could
be important for the structural integrity of the ERC.
To establish if indeed Rab11-FIP3 is critical for the struc-
tural integrity of the ERC, we investigated by RNA inter-
ference (RNAi) the effects inhibition of Rab11-FIP3
expression has on the morphology of this compartment.
Significant reduction in Rab11-FIP3 levels (knockdown)
was achieved 72 h post-transfection of A431 cells with
30 nM Rab11-FIP3 siRNA, as assessed by immunofluores-
cence (Figure 1A) and Western blot (Figure 1B, upper
panel). No such effect was observed on Rab11-FIP3 ex-
pression levels in control (non-targeting) siRNA-transfected
samples when compared with mock (no siRNA) trans-
fected samples (data not shown). Notably, we did find that
knockdown of Rab11-FIP3 resulted in cell death, as a pro-
portion of cells appear necrotic/apoptotic having detached
from the plate in Rab11-FIP3 knockdown, but not control
transfected, samples. We estimate the extent of this cell
death to be approximately 20–25% (data not shown).
Interestingly, we found that upon immunolabelling
Rab11-FIP3 knockdown samples, all ERC-marker proteins
tested were absent from the pericentrosomal region of
A431 cells, while control siRNA transfection had no effect
(Figure 2). For RCP, a class I Rab11-FIP reported to
extensively label the ERC (7), we found that in control
transfected cells, approximately 95% of cells display
strong staining in the pericentrosomal region of the cell
(Figure 2A,B). However, in Rab11-FIP3 knockdown sam-
ples, we found that RCP displayed reduced pericentroso-
mal staining, with only approximately 40% of cells
retaining the RCP in this region of the cell (Figure 2A,B).
Additionally, it is notable that in knockdown samples, cells
had slightly elongated morphology and RCP was concen-
trated at the periphery (Figure 2A, arrow). Rab11a, the
best known ERC-marker protein (18,19), and a key mol-
ecule with which Rab11-FIP3 interacts (6), was found at the
pericentrosomal region of the cell in approximately 45% of
Rab11-FIP3 siRNA-treated cells (Figure 2A,B). Conversely,
in control samples, 95% of cells display strong Rab11a
pericentrosomal staining (Figure 2A,B). On examination of
the localization of Rab11-FIP4, the other class II Rab11-FIP,
we found that this protein was also dramatically lost from
the pericentrosomal region of the cell on Rab11-FIP3
knockdown (Figure 2A,B).
To determine if knockdown of Rab11-FIP3 actually dis-
rupted the ERC or simply mislocalized Rab11, along with
the proteins with which Rab11 specifically interacts, we
examined the localization of further ERC-marker proteins in
cells in which Rab11-FIP3 had been depleted. RME-1 is one
such protein that localizes to the Rab11-FIP3-positive ERC
[Figure S1 (20,21)]. We found that, in control samples,
approximately 45% of cells display pericentrosomal, in
addition to peripheral, staining for RME-1, but on knockdown
of Rab11-FIP3 only approximately 8% of cells have retained
pericentrosomal staining for this protein (Figure 2A,B).
We next examined the localization of the transferrin
receptor (TfnR) in cells depleted of Rab11-FIP3. The TfnR
is a classical receptor recyclingmarker protein that localizes
primarily to sorting endosomes and the ERC at steady state
(1). Like all the other ERC-marker proteins tested, we found
that pericentrosomal staining of the TfnR was reduced on
knockdown of Rab11-FIP3 (Figure 2A,B). Next, because
the TfnR and its ligand transferrin (Tfn) traffic through the
ERC (1), we performed a Tfn uptake assay to determine if
fluorophore-labelled Tfn was capable of accessing the
pericentrosomal region of cells depleted of Rab11-FIP3.
We found that following 45 min of continuous uptake of
Alexa 594-labelled Tfn in Rab11-FIP3 siRNA-treated sam-
ples, the Tfn failed to reach the pericentrosomal region of
the cell (Figure 2A,B). In control samples, approximately
80% of cells display pericentrosomal labelling for Tfn, but in
Rab11-FIP3-depleted samples, only approximately 28% of
cells have pericentrosomal Tfn (Figure 2A,B).
To determine if the effects we observed on Rab11-FIP3
knockdown were limited to a subpopulation of endosomes,
namely the ERC, we immunolabelled control and Rab11-
FIP3 knockdown samples for early endosomal antigen
(EEA1) and lysobisphosphatidic acid (LBPA), two well-
characterized markers of early/sorting and late endosomes,
respectively (22,23). No discernible perturbation of the
localization of either of these endosomal markers was
observed on Rab11-FIP3 knockdown (Figure 3). In addition,
as the Rab11-FIP3-positive ERC is a pericentrosomal com-
partment (5), we determined if Rab11-FIP3 knockdown
would perturb the centrosome. Immunolabelling control
and Rab11-FIP3 knockdown samples with the centrosomal
marker g-tubulin (24) revealed that this structure is unaf-
fected by inhibition of Rab11-FIP3 expression (Figure 3).
Because our light microscopy analyses indicate a loss of the
ERC upon Rab11-FIP3 knockdown, we determined if similar
effects were evident in Rab11-FIP3 knockdown samples
analysed by electron microscopy. Cells were incubated for
45 min in the presence of Tfn conjugated to horseradish
peroxidase (HRP) (Tfn–HRP). The Tfn–HRP, and thus the
ERC, was then visualized following incubation of the cells
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with diaminobenzidine (DAB) and hydrogen peroxide to
form an electron-dense reaction product. The surrounding
area in all sections showing a centriole was examined, and
importantly those corresponding areas in sections both
directly above and below the centrioles. The presence of
structurally and functionally normal sorting and late endo-
somes (data not shown), and intact centrioles in both control
and Rab11-FIP3 knockdown samples, confirmed our earlier
findings that these structures remain unaffected by Rab11-
FIP3 knockdown. Control cells showed a concentration of
Tfn–HRP-positive small vesicles and tubules directly around
the centrioles, indicative of the ERC. In contrast, the area
immediately surrounding the centrioles in Rab11-FIP3
knockdown cells showed little, if any, staining for Tfn–
HRP, and moreover, frequently showed few vesicular/
tubular elements at all (Figure 4). This would suggest that
the ERC itself has been largely lost rather than that the
Tfn–HRP failed to traffic through an intact compartment.
Knockdown of RCP has previously been shown to result
in a decrease in the total cellular levels of the TfnR (25).
As we had found that knockdown of Rab11-FIP3 perturbs
ERC-marker protein localization (Figures 2 and 4), we
determined if Rab11-FIP3 knockdown affects the expres-
sion levels of ERC-marker proteins such as RCP, TfnR and
Rab11a. Equal amounts of A431 total cellular lysate from
control and Rab11-FIP3 knockdown samples were ana-
lysed by Western blot as revealed by the a-tubulin (Figure
1B, bottom panel). In contrast to the effect observed upon
RCP knockdown (25), the expression levels of all ERC-
marker proteins examined were unaffected by knockdown
of Rab11-FIP3 (Figure 1B, RCP, TfnR and Rab11a blots).
Together, these data indicate that inhibition of Rab11-FIP3
expression results in loss of the pericentrosomal ERC
structure while other endosome populations and the
centrosome appear unaffected.
Rab11-FIP3 function at the ERC is Rab11 mediated
Because Rab11-FIP3 is thought to be recruited to the
ERC by Rab11 (14), and evidence from D. melanogaster
Figure 1: Rab11-FIP3 knockdown does
not affect ERC-marker protein levels.
A) A431 cells were treated with control or
Rab11-FIP3 siRNA. Seventy-two hours post-
transfection the cells were processed for
immunofluorescence and immunostained
with an antibody to Rab11-FIP3. Scale bar
represents 10 mm. B) One hundred micro-
grams (150 mg for Rab11-FIP3 blot) of total
cellular lysate from control or Rab11-FIP3
siRNA-treated A431 cells was analysed by
SDS–PAGE and immunoblotted with anti-
bodies to Rab11-FIP3, RCP, TfnR, Rab11a
or a-tubulin. These data are typical of at least
three separate experiments.
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Figure 2: Rab11-FIP3 knockdown causes loss of ERC-marker proteins from the pericentrosomal region of the cell. A) A431 cells
were treated with control or Rab11-FIP3 siRNA. Seventy-two hours post-transfection the cells were either processed for immuno-
fluorescence and immunostained with antibodies to RCP, Rab11a, Rab11-FIP4, RME-1 or TfnR, or serum starved before being allowed
to internalize Alexa 594-Tfn for 45 min at 378C before being processed for fluorescence analysis. Scale bar represents 10 mm.
B) Quantification of the proportion of cells displaying the knockdown phenotype. A minimum of 150 cells per experiment were analysed
and the proportion of cells displaying pericentrosomal ERC-marker protein staining was determined. Results are expressed as the
mean percentages (from at least three independent experiments)  standard deviation.
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indicates that Rab11 and Nuf are mutually required for their
correct intracellular localization (16), we determined if the
importance of Rab11-FIP3 for the morphology of the ERC
was Rab11 mediated.
To investigate this hypothesis, we examined a mutant of
Rab11-FIP3 that is deficient in Rab11 binding. Substitution
of the hydrophobic isoleucine residue at position 738
within the Rab-binding domain (RBD) of Rab11-FIP3 to
the negatively charged glutamic acid has previously been
shown to generate a-Rab11-FIP3 mutant that is deficient in
Rab11 binding (15). Using dual polarization interferometry
(DPI) technology, which allows simultaneous determina-
tion of thickness and density of a biological layer on
a sensing wavelength surface in real time (26,27), we
investigated the binding affinity of Rab11a Q70L, the
GTPase-deficient mutant of Rab11a, for Rab11-FIP3 wild
type and Rab11-FIP3 I738E. The kinetic analysis, per-
formed at the early association phase of protein inter-
action, indicates that theKd for the Rab11aQ70L/Rab11-FIP3
wild-type binding was 76 nM, whereas for the Rab11a
Q70L–Rab11-FIP3 I738E interaction, a substantially lower
affinity of Kd ¼ 730 nM was observed (Figure 5A).
Next, we investigated the intracellular localization of the
Rab11-FIP3 I738E mutant and examined the effects its
expression has on the morphology of the ERC. We found
that in contrast to the wild-type protein, which concen-
trates in the pericentrosomal region of the cell [Figure S1
(5)], the Rab11-FIP3 I738E mutant localizes predominantly
Figure 3: Sorting endosomes, late endo-
somes and the centrosome are unaf-
fected by Rab11-FIP3 knockdown. A431
cells were treated with control or Rab11-
FIP3 siRNA. Seventy-two hours post-
transfection the cells were processed for
immunofluorescence and immunostained
with antibodies to EEA1, LBPA or g-tubulin.
These data are typical of at least three
separate experiments. Scale bar represents
10 mm.
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to the cytosol when expressed in A431 cells (Figure 5B).
On examination of the localization of ERC-marker proteins
in A431 cells expressing Rab11-FIP3 I738E, we found
a phenotype that mimics the Rab11-FIP3 knockdown
phenotype. In all cells with detectable Rab11-FIP3 I738E
expression, ERC-marker proteins are completely lost from
the pericentrosomal region of the cell (Figures 5B,C and
S2). We found that Rab11a is peripherally distributed on
expression of Rab11-FIP3 I738E (Figure 5B). Even in cells
expressing almost undetectable levels of Rab11-FIP3
I738E (denoted by asterisks in the brightness adjusted
image in Figure 5B), Rab11a is peripherally localized and
completely absent from the pericentrosomal region in
100% of transfected cells (Figure 5B,C). Upon staining
Rab11-FIP3 I738E-expressing cells for the TfnR, we found
that this protein was also completely lost from the
pericentrosomal region (Figure 5B,C). Non-transfected
cells display pericentrosomal, in addition to more periph-
eral, staining for the TfnR, in contrast to the transfected
cells that possess only the peripheral TfnR staining, even
at relatively low levels of Rab11-FIP3 mutant expression
(Figure 5B,C). Furthermore, like Rab11a and the TfnR, we
found that RME-1 (Figure 5B,C), RCP and Rab11-FIP4
(Figures S2 and 5C) are completely lost from the peri-
centrosomal region of Rab11-FIP3 I738E-expressing cells,
with RCP concentrated at the leading edges (Figure S2).
Immunolabelling of Rab11-FIP3 I738E-expressing cells for
EEA1, LBPA and g-tubulin indicated that early/sorting
endosomes and the centrosome are unaffected by
Rab11-FIP3 I738E expression (data not shown). Notably,
we did find that in a minor proportion (15%) of Rab11-
FIP3 I738E-expressing cells, staining for the late endo-
somal marker LBPA, appeared reduced (data not shown).
Our knockdown and mutant expression data indicate that
Rab11-FIP3 is crucial for the morphological integrity of the
pericentrosomal ERC. To establish if this feature was
limited to a class II Rab11-FIP, we transfected A431 cells
with RCP I621E, an equivalent RCP mutant previously
shown to abolish the ability of RCP to interact with Rab11
(28), and examined the effects its expression has on the
morphology of the ERC. Unlike Rab11-FIP3 I738E, expres-
sion of RCP I621E had no effect on ERC morphology
as Rab11a, TfnR and RME-1 staining were unaffected
(Figure 6A,B).
Next, we determined the accessibility of fluorophore-
labelled Tfn to the pericentrosomal region of cells ex-
pressing either Rab11-FIP3 wild type, Rab11-FIP3 I738E
or RCP I621E. We found that following 45 min of
continuous uptake of Alexa 594-labelled Tfn, the endocy-
tosed ligand was present on the Rab11-FIP3-positive ERC
in Rab11-FIP3 wild-type and RCP I621E-expressing cells,
as well as non-transfected cells (Figure 7A,B). However,
Figure 4: Tfn-positive vesicles/tubules
are absent from the pericentrosomal
region of cells devoid of Rab11-FIP3.
A431 cells were treated with control or
Rab11-FIP3 siRNA. Seventy-two hours
post-transfection the cells were serum
starved before being allowed to internalize
Tfn–HRP for 45 min at 378C, and then
processed for electron microscopy analy-
sis. Arrows indicate representative Tfn–
HRP-containing structures. ’C’ indicates
the centrioles. Scale bar represents
500 nm.
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Figure 5: Rab11-FIP3 ERC function is Rab11 dependent. A) The Rab11-FIP3 I738E mutant is deficient in Rab11a Q70L binding as
determined by DPI. B) A431 cells were transfected with pEGFP-C1/Rab11-FIP3 I738E. Sixteen to eighteen hours post-transfection the
cells were processed for immunofluorescence and immunostained with antibodies to Rab11a, TfnR or RME-1. The brightness has been
adjusted in the images on the right-hand side to increase the signal visible in cells with very low levels of Rab11-FIP3 I738E expression
(asterisks). Scale bar represents 10 mm. C) Quantification of the proportion of cells displaying the Rab11-FIP3 I738E phenotype. A
minimum of 75 cells per experiment were analysed and the proportion of control [non-transfected (NT)] or Rab11-FIP3 I738E-expressing
cells displaying pericentrosomal ERC-marker protein staining was determined. Results are expressed as the mean percentages (from at
least three independent experiments)  standard deviation.
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in Rab11-FIP3 I738E-expressing cells, the Tfn failed to
enter the pericentrosomal region of the cell (Figure 7A,B),
even in cells expressing low levels of thismutant (Figure 7A,
arrow).
Consistent with our Rab11-FIP3 knockdown data, these
Rab11-FIP3 I738E expression studies indicate that
Rab11-FIP3 is necessary for the structural integrity of
the pericentrosomal ERC. This is most likely to be occurring
in an Rab11-dependent manner. However, loss of binding to
another FIP3 molecule could also lead to the observed
results.
Rab11-FIP3 forms extensive coiled-coil domains
Over the past decade, several large proteins that form
extensive coiled-coil structures, and many of which bind
Rab GTPases, were found to localize to endosomes and
the Golgi [reviewed in Gillingham and Munro (29)]. Most of
these proteins play important roles in tethering vesicles to
target organelles prior to fusion. Notably, other proteins
such as members of the golgin family also play important
structural roles as components of a Golgi matrix and
as scaffold proteins. Recently, the crystal structure of
the carboxy-terminus of Rab11-FIP3 (residues 695–756)
in association with Rab11 has been resolved (30,31).
Figure 6: Rab-coupling protein
(RCP) mutant expression does
not perturb ERC-marker protein
localization. A) A431 cells were
transfected with pEGFP-C3/RCP
I621E. Sixteen to eighteen hours
post-transfection the cells were pro-
cessed for immunofluorescence
and immunostained with antibodies
to Rab11a, TfnR or RME-1. Scale bar
represents 10 mm. B) Quantification
of the proportion of RCP I621E-
expressing cells displaying peri-
centrosomal ERC-marker protein
labelling. A minimum of 75 cells per
experiment were analysed and the
proportion of control [non-transfected
(NT)] or RCP I621E-expressing cells
displaying pericentrosomal ERC-
marker protein staining was deter-
mined. Results are expressed as the
mean percentages (from at least
three independent experiments) 
standard deviation.
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Interestingly, in these studies Rab11-FIP3 and Rab11
crystallized as a heterotetrameric complex [Rab11–
Rab11-FIP3(x2)–Rab11] with the RBD of Rab11-FIP3 form-
ing a central a-helical coiled-coil homodimer. Using the
Lupus prediction method, we have previously reported
that Rab11-FIP3 is predicted to form coiled-coil structures
in a region much longer than that for which the crystal
structure is now known (32). Therefore, we investigated if
this further region of Rab11-FIP3 indeed assumes a coiled-
coil conformation and determined the importance of this
region for its function on the ERC.
To locate possible coiled-coil domains within Rab11-FIP3
with greater accuracy, we applied a combination of add-
itional prediction algorithms to the Rab11-FIP3 sequence.
Using the PAIRCOIL algorithm (33), we show that Rab11-FIP3
is predicted to form coiled-coil structures between resi-
dues 463 and 692 (Figure S3A). Furthermore, using the
Figure 7: Tfn is inaccessible to
the pericentrosomal region of
Rab11-FIP3 I738E-expressing
cells. A) A431 cells were trans-
fected with pEGFP-C1/Rab11-FIP3
WT, pEGFP-C1/Rab11-FIP3 I738E
or pEGFP-C3/RCP I621E. Sixteen
to eighteen hours post-transfection
the cells were serum starved and
then allowed to internalize Alexa
594-Tfn for 45 min at 378C and
processed for fluorescence analy-
sis. The arrow indicates a cell ex-
pressing low levels of Rab11-FIP3
I738E. Scale bar represents 10 mm.
B) Quantification of the proportion
of control [non-transfected (NT)] or
transfected cells displaying peri-
centrosomal Alexa 594-Tfn labelling.
A minimum of 75 cells per experi-
ment were analysed and results
were expressed as the mean per-
centages (from at least three inde-
pendent experiments)  standard
deviation.
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structural disorder prediction algorithm DISOPRED2 (34), we
predict a very high level of structural order in the region of
Rab11-FIP3 that corresponds to the predicted coiled-coil
region (Figure S3A). Interestingly, a break in the predicted
coiled-coil domain (around residue 650) detected by the
PAIRCOIL program correlates well with a significant increase
in predicted disorder in the same region, indicative of
a possible discontinuity of the coiled coil (Figure S3A).
Additionally, when the Rab11-FIP3 sequence is analysed
by the MULTICOIL program (35), which predicts the probabil-
ity of dimeric and trimeric coiled-coil formation, the highest
probability is for the formation of a two-stranded confor-
mation in the Rab11-FIP3 coiled-coil structure (Figure S3B).
As mentioned above, Rab11-FIP3 residues 463–692 were
identified as possibly having a coiled-coil structure. Inter-
estingly, this region of Rab11-FIP3 displays strong amino
acid identity with Rab11-FIP4 (Figure S4A), but is not
conserved with the class I Rab11-FIPs (Figure S4B).
Hexahistidine-fused Rab11-FIP3(463–692), a truncation
mutant of the in silico predicted coiled-coil region, was
analysed by circular dichroism (CD) spectroscopy to test
for the presence of a coiled-coil structure. When analysed
in the far-UV range, we found that the Rab11-FIP3(463–692)
fragment displayed a CD spectrum characteristic of pro-
teins with high a-helical content with negative bands at
222 and 208 nm, and a positive band at 192 nm (Figure 8
A). The ratio of the molar ellipticities at 222 and 208 nm
([u]222/[u]208) has been widely used as an indicator of the
microenvironment of helices in proteins, distinguishing
between the coiled-coil structure and non-interacting a-
helices (36–40). For a single-stranded a-helix, the [u]222/
[u]208 ratio ranges from 0.8 to 0.9; conversely, for interact-
ing a-helices, a higher ratio of 1.00 0.03 is observed (37).
Figure 8: Rab11-FIP3 forms a-helical coiled-coil structures. A) Circular dichroism spectra of the Rab11-FIP3(463–692) fragment in
10 mM potassium phosphate (pH 7.3), containing 0% TFE (open circles), 20% (v/v) TFE (crosses) and 50% TFE (filled circles). The inset
shows a plot of the ellipticity ratio ([u]222/[u]208) as a function of the TFE concentration. B) Deconvolved ATR-FTIR spectrum of the
Rab11-FIP3(463–692) fragment in D2O. C) The molecular mass of the Rab11-FIP3(463–692) fragment determined by static light scattering.
Elution profile of the Rab11-FIP3(463–692) (solid line) recorded by the RI detector is presented together with mass calculations for collected
peaks (individual data points). D) SDS–PAGE analysis of 5 mg of the Rab11-FIP3(463–692) fragment. Sample, in denaturing buffer (SDS,
b-ME), was prepared with or without heating to 958C.
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In the case of the Rab11-FIP3(463–692) fragment, the [u]222/
[u]208 ratio was 0.97, indicating the presence of coiled-coil
structures. By densitometry analysis of Western blots, we
estimate the cellular concentration of Rab11-FIP3 in A431
cells to be approximately 0.04 mM (data not shown);
therefore, the local Rab11-FIP3 concentration on the ERC
is likely to be well above 0.1 mM. In addition, we found that
the [u]222/[u]208 ratio is largely unaffected by changing the
protein concentration in the range from 5.7 to 0.1 mM,
suggesting tight association of a-helices within a coiled-
coil structure of Rab11-FIP3(463–692) (data not shown).
Together, these data indicate that Rab11-FIP3 is very likely
to adopt a coiled-coil conformation in vivo.
To confirm the presence of the coiled-coil structure, we
examined the Rab11-FIP3(463–692) fragment in the pres-
ence of increasing concentrations of 2,2,2-trifluoroethanol
(TFE). 2,2,2-Trifluoroethanol, commonly used in coiled-coil
investigations, stabilizes a-helical secondary structures,
but disrupts tertiary and quaternary structures that are
stabilized by hydrophobic forces (37,41,42). It has been
previously shown that a 50% TFE concentration is suffi-
cient to disrupt the two-stranded a-helical coiled coil (37).
We found that the Rab11-FIP3(463–692) coiled-coil structure
appears to be stable at up to 20% TFE (Figure 8A, inset).
Above this concentration, the [u]222/[u]208 ratio begins to
drop from the initial value of 0.97 to 0.88 in 50% TFE, but
remains unchanged at higher TFE concentrations, indicat-
ing that the interacting a-helices have fully dissociated at
50% TFE (Figure 8A, inset).
In parallel, we performed attenuated total reflection Fourier
transform infrared (ATR-FTIR) spectroscopy analysis on the
Rab11-FIP3(463–692) fragment to further elucidate the struc-
tural organization of this polypeptide. In deuterated water
(D2O), dimeric coiled-coil proteins display ATR-FTIR spectra
with at least three separate bands in the amide I region,
whereas non-interacting a-helices display a single band
positioned at 1650–1653/cm (43,44). This spectra charac-
teristic is attributed to a distortion of the helical structure by
the supercoil bending (43,44). Fourier self-deconvolution
of the spectrum of the Rab11-FIP3(463–692) fragment in
D2O revealed that the a-helical amide I band splits into
three separate peaks positioned at 1626.8, 1638.3 and
1650.6/cm (Figure 8B). The first and second peaks, having
higher area values, are shifted to an atypically low fre-
quency with respect to the standard a-helical band position
(Figure 8B). This unique vibrational spectrum of the Rab11-
FIP3 coiled-coil truncation mutant is very similar to the
spectrum obtained for tropomyosin, a protein that forms
extensive coiled-coil structures (45), and represents the
signature of a highly distorted double-stranded a-helix in
parallel orientation (43). These data are in agreement with
our MULTICOIL predictions.
Despite the fact that the above results are consistent with
the presence of coiled-coil structure within the Rab11-
FIP3(463–692) fragment, they do not provide definitive
information about its oligomeric state. In order to deter-
mine the oligomeric state of the Rab11-FIP3(463–692) frag-
ment in solution, we performed multiangle static light
scattering (MALS) analysis in chromatography mode. This
method provides absolute measurement of molecular
weight irrespective of the shape of the protein (46). The
calculated molecular weight of hexahistidine-fused Rab11-
FIP3(463–692) fragment is approximately 33 kDa. However,
based on the data derived from the light scattering and
refractive index (RI) detectors, the molecular mass of the
main peak of this fragment was calculated to be 70 750 Da
(4%), indicating that the Rab11-FIP3(463–692) fragment
exists as a dimer in solution (Figure 8C). No peak corres-
ponding to the mass of the monomer was detected. The
small peak corresponding to 238 kDa (14%) was
attributed to the presence of high-molecular weight pro-
teins, but was considered insignificant because of the very
low signal from the RI detector (Figure 8C). In addition to
this technique, we found that SDS–PAGE analysis of the
Rab11-FIP3(463–692) fragment showed that even under
denaturing conditions [presence of SDS, b-mercaptoetha-
nol (b-ME), and 958C heat treatment] a small population
of molecules migrate at a molecular weight consistent
with a dimer (Figure 8D). Interestingly, the same sample
prepared in denaturing conditions (presence of SDS and b-
ME), but not heated to 958C, showed a complete lack of
monomers, with the protein migrating predominantly as
a dimer, with some tetrameric forms evident (Figure 8D).
Notably, based on our bioinformatics analyses, it is prob-
able that this fragment does not adopt a continuous coiled-
coil structure, but rather several shorter coiled-coil regions,
separated by kinks or short loops induced by the presence
of helix-breaking amino acid residues like glycines and
prolines. In summary, both the CD and ATR-FTIR data
indicate that the Rab11-FIP3(463–692) fragment adopts
a coiled-coil conformation and our MALS and SDS–PAGE
studies indicate that this region of Rab11-FIP3 mediates
a dimeric self-interaction.
As outlined previously, Rab11-FIP3 is structurally import-
ant for the ERC. Because coiled-coil proteins are often
structurally important for organelles (29,47,48), and having
determined that Rab11-FIP3 has a coiled-coil structure in
the region between residues 463 and 962, we investigated
the consequences of expression of a mutant of Rab11-
FIP3 that lacks this coiled-coil region. In A431 cells
expressing relatively low levels of Rab11-FIP3(D463–692),
a mutant that encodes Rab11-FIP3-lacking amino acids
463–692, the protein concentrated in the pericentrosomal
region of the cell where it co-localized with Rab11a
(Figure 9, arrow). However, we found that in cells express-
ing higher levels of Rab11-FIP3(D463–692) the protein was
localized to the cytoplasm, the nucleus and in some cells
at the cell periphery (Figure 9). Interestingly, in these
cells the protein was completely absent from the peri-
centrosomal region, yet it still co-localized with Rab11a
(Figure 9, arrowhead). In addition, we found that other
ERC-marker proteins such as RME-1 and endocytosed
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fluorophore-labelled Tfn were also absent from the peri-
centrosomal region of A431 cells expressing higher levels
of Rab11-FIP3(D463–692) (Figure 9).
Together, these data illustrate that, as predicted, Rab11-
FIP3 assumes a coiled-coil structure between residues
463 and 692, and that this region, which is capable of
dimerizing, is important to support the function of Rab11-
FIP3 on the ERC.
Discussion
Several reports from various models indicate that the ERC,
in a Rab11-dependent fashion, functions in the delivery
of membranes to regions of the cell surface that require
huge membrane influx for PM reorganization processes
such as cell migration, phagocytosis and cytokinesis
(5,14,15,49–52). In this context, we and others have
identified the Rab11 effector protein, Rab11-FIP3, as a
protein of critical importance in the processes of membrane
delivery from the ERC to the cleavage furrow during cell
division (5,14,15).
To date, the interphase function of Rab11-FIP3 has re-
mained elusive. We noted that the Rab11-FIP3 homologue
in D. melanogaster, Nuf, which functions in cellularization
and actin remodelling, was recently shown to play a crucial
structural role for the ERC (16,17). In D. melanogaster SOP
cells, which undergo asymmetric division producing two
distinct cell types (pIIa and pIIb) that ultimately generate
distinct mature sensory organs, only the pIIb cells receive
Nuf and can produce a pericentrosomal Rab11-positive
ERC (17). As exemplified by our Rab11-FIP3 knockdown
data, Rab11-FIP3 has a comparable function to Nuf in
mammalian cells. We have found that depletion of Rab11-
FIP3 by RNAi results in a loss of all ERC-marker proteins
tested, including Rab11a, from their normal pericentroso-
mal localization. This function for Rab11-FIP3, as a protein
of structural importance to the ERC, fits well with our
previous findings that overexpression of Rab11-FIP3 alters
ERC morphology, condensing it into the pericentrosomal
region of the cell.
Rab11-FIP3 function during cell division is proposed to be
Rab11 dependent (5,14,15). Additionally, Rab11 and Nuf
are mutually required for correct intracellular localization in
D. melanogaster (16,17). For these reasons, we were
prompted to determine if the interphase function of Rab11-
FIP3 at the ERC was Rab11 dependent. In this study, we
employed the Rab11-binding deficient mutant of Rab11-
FIP3, Rab11-FIP3 I738E. We found that expression of the
Figure 9: Deletion of the Rab11-FIP3
coiled-coil region (residues 463–692)
disrupts the ERC. A431 cells were
transfected with pEGFP-C1/Rab11-
FIP3(D463–692). Sixteen to eighteen
hours post-transfection the cells were
either processed for immunofluores-
cence and immunostained with anti-
bodies to Rab11a or RME-1, or serum
starved and then allowed to internalize
Alexa 594-Tfn for 45 min at 378C before
being processed for fluorescence analy-
sis. These data are typical of at least
three independent experiments. Scale
bar represents 10 mm.
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I738E mutant resulted in loss of the pericentrosomal ERC in
amanner thatmimics the knockdown phenotype. This effect
was observed in 100%of cells expressing the I738Emutant,
even at low levels of expression. This indicates that Rab11-
FIP3 I738E behaves as a dominant-negative mutant, as its
expression adversely affects the normal, wild-type gene
product within the same cell. Because we have found that
the coiled-coil region of Rab11-FIP3 between residues 463
and 692 dimerizes, it is probable that the I738E mutant
interacts with the endogenous protein in vivo, thus seques-
tering it and rendering it non-functional.
In Rab11-FIP3 knockdown samples, only a proportion of
cells, albeit substantial, display the loss of the pericentro-
somal ERC. This anomaly can be explained by incomplete
knockdown of Rab11-FIP3 expression. Indeed, although
the transfection efficiency of our siRNA experiments is
high, a proportion of Rab11-FIP3 siRNA-treated cells (10–
30%, depending on the particular experiment) retain some
Rab11-FIP3 staining. Importantly, we have found that the
morphological effects we observed on perturbation of
Rab11-FIP3 function are not a general Rab11-FIP family
feature, as expression of RCP I621E has no such effect.
Additionally, we found that themorphological alterations to
endosomal structures observed upon interruption of
Rab11-FIP3 function are specific to the ERC, as other
endosome populations appear largely unaffected.
Coiled-coil domains are ternary structures that consist of
two or more a-helices that twist around one another to
form a supercoil. Although coiled-coil proteins have diverse
cellular functions, they share a fundamental feature in their
ability to hold together molecules, subcellular structures
and even tissues [reviewed in Rose and Meier (47)]. It is
believed that membrane-bound coiled-coil proteins such as
spectrins and golgins serve as structural scaffolds for
membranous structures within the cell (29,48,53).
Recently, the crystal structure of the carboxy-terminal
region of Rab11-FIP3 in complex with Rab11 has been
elucidated (30,31). These studies illustrate that Rab11-
FIP3 adopts a dimeric coiled-coil structure at its carboxy-
terminus in the region encompassing the RBD. However,
our data suggest that Rab11-FIP3 is likely to assume
a coiled-coil structure over an extensive region (residues
463–692) amino-terminal to this crystallized region. Our
findings that Rab11-FIP3 adopts a coiled-coil conformation
between residues 463 and 692, and that expression of the
Rab11-FIP3 deletion mutant that lacks this coiled-coil
region results in loss of the pericentrosomal ERC, fit well
with our demonstration that Rab11-FIP3 has a critical
structural/tethering role for this organelle. Interestingly,
the extensive coiled-coil region in Rab11-FIP3, which has
been shown to dimerize, is not conservedwithin the class I
Rab11-FIPs, suggesting that this coiled-coil region is
important for an Rab11-FIP3 function that is not shared
with the class I Rab11-FIPs. Consistent with this, we have
found that expression of an RCP mutant deficient in Rab11
binding does not disrupt the morphology of the peri-
centrosomal ERC. Notably, it remains to be determined
if Rab11-FIP4, the second class II Rab11-FIP, serves a
similar role to Rab11-FIP3 on the ERC. Our group is cur-
rently investigating this question.
In cells expressing low levels of the mutant lacking the
coiled-coil region, we do not observe disruption of the
ERC. A likely explanation for this is that in cells expressing
this mutant, endogenous Rab11-FIP3 is functional until
the levels of the mutant protein reaches a critical con-
centration, whereby it sequesters the endogenous
Rab11-FIP3 rendering it non-functional and thus prevent-
ing stable maintenance of the ERC. Based on the recent
crystallization studies on Rab11-FIP3, this mutant should
still self-associate (30,31). Thus, as the deletion mutant
lacking the 463–692 coiled-coil region almost certainly
has reduced ability to dimerize with endogenous Rab11-
FIP3, it may not adversely affect the function of the
endogenous protein until higher levels of expression are
achieved. Together, these data illustrate that the 463–692
region of Rab11-FIP3 is critical for its function on the ERC,
since the ability to associate with Rab11-positive mem-
branes in itself is not sufficient to support its function on
this compartment, and suggest that Rab11-FIP3 could
form a platform for the recruitment of a protein complex
via its coiled-coil region.
Our data, and that in the literature, clearly define functional
differences between the two classes of Rab11-FIP pro-
teins. But what specifically is the function of Rab11-FIP3
on the ERC? Does it play a role as a scaffold protein? A
scaffold protein, as the name suggests, is a protein whose
primary function is to serve as a structural frame, recruiting
and connecting other types of proteins. If the scaffold
protein, or any protein with which it interacts, can self-
interact, one can envisage the formation of amulticompon-
ent protein complex, an event that may be critical for
organelle formation and/or stability. The data presented
here and previously by our group, coupled with substantial
protein–protein interaction data from the literature, are
consistent with a role for Rab11-FIP3 as a scaffold protein
for the ERC. First, Rab11-FIP3 is known to self-interact
(30–32), and to interact with all Rab11 subfamily members
(6). Notably, at this point it remains to be determined if the
Rab11-FIP3 dimer can simultaneously bind different Rab11
subfamily members. In addition, Rab11-FIP3 possesses
a proline-rich amino-terminus, a motif known to mediate
a multitude of protein–protein interactions (54). Second,
we have established that Rab11-FIP3 adopts an extensive
coiled-coil conformation, a common feature among pro-
teins important for organelle structure. Third, overexpres-
sion of Rab11-FIP3 profoundly alters themorphology of the
Rab11-positive ERC, condensing it into the pericentroso-
mal region of the cell (5,55). Finally, we have demonstrated
that depletion of Rab11-FIP3 by RNAi or perturbation of its
function by expression of mutants that are either incapable
of binding Rab11 or lack the coiled-coil domain results in
loss of the pericentrosomal ERC.
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An alternative possibility is that Rab11-FIP3 serves to
anchor/tether the ERC to the pericentrosomal region of
the cell by binding either directly or indirectly to a minus-
end microtubule motor protein, or to a protein that binds
specifically to the minus end of microtubules. Indeed, it is
well-known that the correct intracellular localization of the
ERC requires intact microtubules (56,57), and we have
previously found that disruption of the microtubule cyto-
skeleton with nocodazole causes peripheral distribution of
the Rab11-FIP3-positive ERC (5). Investigation of the ability
of Rab11-FIP3 to bind microtubules directly or indirectly via
an as yet unidentified molecule is an area we now plan to
investigate.
In summary, we have defined a specific function for
Rab11-FIP3 in formation and/or maintenance of the ERC.
Undeniably, the challenge now remains to further dissect




pEGFP-C1/Rab11-FIP3, pEGFP-C1/Rab11-FIP3 I738E and pEGFP-C3/RCP
I621E have been described elsewhere (5,28,55). pTrcHisC/Rab11-FIP3 and
pTrcHisC/Rab11-FIP3 I738E were constructed by subcloning the 2.4-kb
EcoRI fragments from the previously described pEGFP-C1/Rab11-FIP3 and
pEGFP-C1/Rab11-FIP3 I738E constructs (5,55) into pTrcHisC (Invitrogen,
Carlsbad, CA, USA). pEGFP-C2/Rab11-FIP3(463–692) was constructed using
a sense primer CC-F (50-AAAAGAATTCGCTGACAAGGTTGTCTTCCTG-30)
and an antisense primer CC-R (50-AAAGGATCCTGGCTGAGGGTAAT-
GATCTGCC-30) to amplify the cDNA encoding Rab11-FIP3 amino acids
463–692 from pEGFP-C1/Rab11-FIP3. The 700-bp polymerase chain
reaction (PCR) fragment was then cloned into the EcoRI–BamHI sites of
pEGFP-C2 (BD Biosciences, Mountain View, CA, USA). pTrcHisC/Rab11-
FIP3(463–692) was constructed by subcloning the 700-bp BglII–BamHI
fragment from pEGFP-C2/Rab11-FIP3(463–692) into the BamHI–BglII sites
of pTrcHisC. pEGFP-C1/Rab11-FIP3(D463–692) was generated by site-
directed mutagenesis using the QuickChange Site-Directed Mutagenesis
Kit (Stratagene, La Jolla, CA, USA) utilizing a sense primer DCC-F (50-
CCAGAGGAGGACATTATCCAGGGCGCCA-30) and an antisense primer
DCC-R (50-TGGCGCCCTGGATAATGTCCTCCTCTGG-30) with pEGFP-C1/
Rab11-FIP3 as template. pTrcHisC/Rab11a Q70L was constructed by
subcloning the 850-bp BamHI–PstI fragment from the previously
described pGEM1/Rab11Q70L construct (58) into the BamHI–PstI sites
of pTrcHisC. Constructs generated by PCR were confirmed to be correct by
double-strand sequencing.
Cell lines, plasmid transfection and RNAi
The A431 (epidermal carcinoma) human cell line was cultured in DMEM
supplemented with 10% (v/v) foetal bovine serum, 2mM L-glutamine and 25
mM HEPES and grown in 5% CO2 at 378C. For overexpression studies, cells
were transfected with plasmid constructs using Effectene (Qiagen, Valen-
cia, CA, USA) as transfection reagent. Rab11-FIP3 expression in A431 cells
was depleted by transfection with siGEMONE SMARTpool reagents
directed against Rab11-FIP3 (Dharmacon, Chicago, IL, USA). As a control,
cells were transfected with siCONTROL non-targeting oligonucleotides
(Dharmacon). Control or Rab11-FIP3 siRNA was transfected at a final
concentration of 30 nM, using Lipofectamine 2000 according to the
manufacturer’s instructions (Invitrogen). Seventy-two hours post-transfec-
tion the cells were analysed for Rab11-FIP3 expression by immunofluores-
cence and Western blot.
Primary antibodies
Mouse monoclonal antibodies to anti-g- and anti-a-tubulin were purchased
from Sigma (St.Louis, MO, USA). Mouse monoclonal anti-TfnR and rabbit
anti-Rab11a were obtained from Invitrogen. Chicken anti-RCP was from
GenWay (San Diego, CA, USA). Mouse monoclonal anti-EEA1 was pur-
chased from Transduction Laboratories (San Jose, CA, USA). Rabbit poly-
clonal anti-RME-1 antibody was a kind gift from M. S. Robinson. Mouse
monoclonal (6C4) anti-LBPA was a kind gift from J. Gruenberg. The rabbit
anti-RCP and anti-Rab11-FIP3 antibodies have been described elsewhere
(5,7). The anti-Rab11-FIP4 antibody was prepared by immunization of a
rabbit with Escherichia coli-purified hexahistidine-fused Rab11-FIP4(82–344).
The resulting antisera were affinity purified against the immunizing
polypeptide.
Immunoblotting analysis
A431 cells that had been treated with control or Rab11-FIP3 siRNA were
resuspended in 50 mM Tris–HCl (pH 7.4), 150 mM NaCl, 1 mM ethyl-
enediaminetetraacetic acid, 0.5% Nonidet P-40 plus protease inhibitors and
lysed under rotation for 30 min at 48C. Cell lysate was then quickly passed
six times through a 26-gauge needle. For detection of endogenous proteins,
100 mg of total cellular lysate (150 mg for Rab11-FIP3 blot) was analysed by
SDS–PAGE and immunoblotting.
Immunofluorescence microscopy
Immunofluorescence microscopy was performed as described previously
(55). Secondary antibodies used were goat anti-mouse conjugated to
tetramethyl rhodamine isothiocyanate and donkey anti-rabbit conjugated
to indocarbocyanine (Cy3), both from Jackson ImmunoResearch (West
Grove, PA, USA). Texas Red-conjugated phalloidin was purchased from
Invitrogen. For Tfn uptake experiments, cells were serum starved for 1 h
and then allowed to internalize Alexa 594-coupled iron-saturated holotrans-
ferrin (Invitrogen) at 5 mg/mL for 45 min at 378C before fixation. Coverslips
were mounted in Mowiol (Calbiochem, San Diego, CA, USA) and images
were recorded using a Zeiss LSM 510 META confocal microscope fitted
with a  63/1.4 plan apochromat lens. Images were processed using Zeiss
LSM Image Browser and ADOBE ILLUSTRATOR software.
Electron microscopy
A431 cells were cultured on thermanox coverslips (Agar Scientific,
Stansted, Essex, UK) and, following incubation with Tfn–HRP for 45 min
at 378C, were incubated post-fixation with 0.0025% hydrogen peroxide and
0.75 mg/mL DAB for 30 min in the dark at room temperature. Coverslips
were fixed and processed for electron microscopy as described in (59).
Coverslips were mounted on epon stubs, the epon was polymerized
overnight at 608C and the coverslips were removed by heating. Eighty-
nanometer sections were cut en face in series and mounted on formvar-
coated slot grids. Sections were stained with lead citrate before examina-
tion under a JEOL 1010 electron microscope. Images were obtained using
a Gatan ORIUS CCD camera.
Recombinant protein purification
Hexahistidine-fused Rab11-FIP3 wild type and Rab11-FIP3 I738E were
purified as previously described for pTrcHisC/Rab11-FIP3 (55). For purifica-
tion of hexahistidine-fused Rab11-FIP3(463–692), BL21 (DE3) cells were
transformed with pTrcHisC/Rab11-FIP3(463–692). A single transformant
was grown to an OD600 ¼ 0.6 and induced with 0.3 mM isopropylthio-
galactoside (IPTG) (Melford, Ipswich, Suffolk, UK) for 12 h at 208C. For
purification of Rab11a Q70L, XL1 cells were transformed with pTrcHisC/
Rab11a Q70L. A single transformant was grown to an OD600 ¼ 0.6 and
induced with 0.4 mM IPTG for 6 h at 278C. Recombinant proteins were
affinity purified using Ni2þ-NTA agarose beads (Qiagen).
Dual polarization interferometry
Interactions between hexahistidine-fused Rab11a Q70L and hexahistidine-
fused Rab11-FIP3 wild type or Rab11-FIP3 I378E were investigated by the
DPI technique using an AnaLight Flex (Farfield Sensors Ltd, Crewe,
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Cheshire, UK). The Rab11-FIP3 proteins were immobilized on the surface of
unmodified chips on different channels at a concentration of 5 mM in running
buffer containing 20 mM HEPES (pH 7.4), 100 mM NaCl and 1 mM MgCl2.
Rab11a Q70L was injected at five different concentrations in the same
buffer. The Kd value was calculated from curve fitting over the early
association phase from three independent experiments.
Attenuated total reflection Fourier transform infrared
Attenuated total reflection Fourier transform infrared spectra were
recorded on a Bruker Tensor 27 infrared spectrophotometer equipped
with a liquid-nitrogen-cooled Mercury Cadmium Tellurium detector in
combination with a Bio-ATRII cell. Rab11-FIP3(463–692) protein, at a con-
centration of 2.5 mg/mL, was extensively dialysed at 108C against buffer
prepared with D2O and containing 100 mM potassium phosphate and
1 mM DTT (pH 7.0). Acquisitions were conducted at 128 scans and a
resolution of 4/cm in a volume of 20 mL at 258C. The spectra were
collected from three independent experiments and Lorentzian Fourier
self-deconvolution was performed using opus software (Bruker Optics
Inc., Ettlingen, Germany).
CD spectroscopy
Circular dichroism spectra were recorded on an Aviv Model 215 Spectro-
photometer (Aviv Biomedical Inc., Lakewood, NJ, USA), equipped with
a Peltier temperature controller. Spectra were obtained using either a 10- or
a 1-mm quartz Suprasil cuvette (Hellma UK Ltd, Essex, UK) and at a
temperature of 238C, a bandwidth of 1 nm, a stepwidth of 0.2 nm, a response
time of 1 second and as an average of five scans. All spectra were baseline
corrected, smoothed and converted to mean residue molar ellipticity [u]MRW
(deg  cm2/dmol). Sample protein concentration was determined by
quantitative amino acid analysis (PNAC Facility, Cambridge, UK).
Multiangle static light scattering
The molar mass (Mw) analysis was determined by static light scattering in
chromatography mode using a miniDAWN instrument (Wyatt Technology
Corp., Santa Barbara, CA, USA) coupled to an AKTA basic fast protein liquid
chromatography system (GE Healthcare, Giles, Bucks, UK). A 500-mL
aliquot was injected at the flow rate of 0.6 mL/min into the Superdex 200
(10/300) GL column (GE Healthcare) equilibrated in 20 mM Tris, 100 mM
NaCl, 1 mM DTT, pH 7.5, buffer. The eluted peaks were passed by RI and
MALS detectors. The specific RI increment (dn/dc) for each peak was
measured and used for calculation of absolute Mw values using ASTRA
software (Wyatt Technology).
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Supplementary Materials
Figure S1: RME-1 co-localizes with Rab11-FIP3 on the ERC. A431 cells
were transfected with pEGFP-C1/Rab11-FIP3 WT. Eighteen hours post-
transfection the cellswere processed for immunofluorescence and immuno-
stained with an antibody to RME-1. These data are typical of three separate
experiments. Scale bar represents 10 mm.
Figure S2: Rab11-FIP3 I738E expression disrupts the pericentrosomal
ERC. A431 cells were transfected with pEGFP-C1/Rab11-FIP3 I738E.
Sixteen to eighteen hours post-transfection the cells were processed for
immunofluorescence and immunostained with antibodies to RCP or Rab11-
FIP4. These data are typical of four separate experiments. Scale bar
represents 10 mm.
Figure S3: Rab11-FIP3 is predicted to form extensive a-helical coiled-
coil structures. A) Overlay of plots depicting the probability of forming a-
helical coiled-coil structures in Rab11-FIP3 as determined using PAIRCOIL
algorithm (blue) and disorder probability using DISOPRED2 (red). Regions
above the dashed line on the DISOPRED2 plot are considered disordered.
B) Overlay of plots depicting the probability that Rab11-FIP3 will form a di-
meric (blue) or trimeric (green) coiled-coil structure as determined using the
MULTICOIL algorithm.
Figure S4: CLUSTALW alignment of the Rab11-FIPs. A) CLUSTALW alignment
of the class II Rab11-FIPs. Identities are in black and similarities are in grey.
Amino acid residues 463–692 of Rab11-FIP3 are underlined in blue. The
region of Rab11-FIP3 for which the crystal structure has been solved is
underlined in red. B) CLUSTALW alignment of the class I Rab11-FIPs with
Rab11-FIP3. Identities are in black and similarities are in grey. Amino acid
residues 463–692 of Rab11-FIP3 are underlined in blue.
Supplemental materials are available as part of the online article at http://
www.blackwell-synergy.com
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